INTRODUCTION
In dealing with the seepage of water through earth dams and embankments under steady state conditions where a free surface is present, civil engineers have traditionally relied on the graphical method of flow nets [Casagrande, 1940, In many practical problems, however, the degree of heterogeneity and anisotropy that the engineer encounters in the field may be such that these traditional methods are extremely difficult to apply unless certain simplifying assumptions are made. We need only consider a sequence of homogeneous layers that are nonuniformly anisotropic to realize the limitations of the traditional approach. This approach is further restricted to flow systems with relatively simple boundary configurations.
These difficulties have led to the recent development of numerical methods that enable us to analyze complex systems by using high speed digital computers. Finnemore and Perry [1968] have adapted the relaxation technique of Shaw and Southwell [1941] to the computer in analyzing seepage through an earth dam. Another finite difference approach to steady state seepage with a free surface .has been described by Jeppso•, [1966, 19'67, 1968a, 1968b, 1968c, 1968d, 1969'] . His method requires that the flow region be transformed into another domain that lies in the plane of the velocity potential and stream function. Since he is dealing with nonlinear equations, he obtains a solution using the The purpose of this paper is to present an improved finite element approach to, the problem of steady state seepage with a free surface. We shall first present our method in detail and then use several examples to demonstrate how it can be applied to a wider variety of seepage problems than has been possible before. We will show that the ambiguity effect of Taylor Since the true position of F is unknown, only one of the two boundary conditions (4) and (5) can be satisfied at any given time. For the first step of the iteration, it is convenient to adopt boundary conditions (4) and (6) and set h = /j on F and h = x• on S. This means that (4) and (6) 
After minimizing (9) using the finite element method, the results will satisfy boundary con-
ditions (2), (3), and (5) but no• necessarily (4)
and ( Another problem arises when part of the free surface becomes essentially vertical, as in the case of seepage from a pond or canal ( Figure  3) . In such cases, the horizontal coordinates of any two adjacent nodal points on F may be so close together that the shifting scheme described above fails to adequately adjust the horizontal coordinates of these points. We overcame this problem by introducing an additional correction factor fi which, for any nodal point m, is used by the program whenever When (15) holds, nodal point m is shifted arbitrarily along AA' such that
(rm),+• ----(r,.),-•-•a[(h=),-(z=)•] (16)
Convergence is further assured by adjusting the magnitude of fi during execution using •, elevation of free surface above horizontal datum plane from which h is measured, L.
